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In  present c i r cu l a r  acce le ra to rs  p a r t i c l e s  a r e  accelerated 
i n  the a z i ~ u t h u l  d i rec t ion .  There a re  o t h e ~  t-rpes of acce le ra to r  
i n  which p a r t i c l e s  ga in  energy r a t h e r  i n d i r e c t l y  by a  sideways 
push, Several examples are  shown i n  the following: 
P A )  Subharmonic Cyolotron 
I n  a  homogeneous magnetic f i e l d ,  the equation of motion of 
an ion i n  the median plane s t a r t i n g  from the o r ig in  i s  
We apply a  r a d i a l l y  d i rec ted  e l e c t r i c  f i e l d  which Fs given by 
and i s  produced by a p o t e n t i a l  
ri-- 
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where UJr << c. 
Then the equatfon of motion becomes 
Pu t t ingrd t  = 2 2 ,  we ge t  the  standard from of the Mathfeu-equatfon, 
The c h a r a c t e r i s t i c  s t a b l e  zones a re  shown i n  the Figure 1. 
I 
I f  we choose parameters 't 
makfng the r-motion 
unstable,  r increases  1 
I 
with time. Since there  
f s no az imu thu l  torque , 
$6 - r A e ,  i s  a constant  S 
of the motfon so  t h a t  the 
0 I 9 4 
fncreRse of radfus means F;j - I b 
t h a t  tlie p a r t i c l e  i s  accel- 
erated.  Wf t h  gfven magnet1 c f i e l d  and e l e c t r i c  f i e l d ,  consfderfng 
W a s  a parameter, the  working point  l i e s  on a s tpa igh t  l i n e  through 
the orfgfn  fn the Figure 1. The working point  f s  chosen fn  an 
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uns table  r e g f m  f n  order t o  g e t  the  frc rease of radius.  p = 1 
corresponds t o  w being equal t o  the  cyclotron frequency of the  
p a r t i c l e  and the  l a r g e r  value or p, n a m l y  4, 9,... are  subharmonfcs 
of the cycPotzon eequency.  The wfdth of the unstable regfon 
determines the varfa t fon of' the  parameters, f o r  example, the 
allowable re la t iv i s t1 .c  increase of mass. There a re  apparently 
an  i n f i n i t e  number of subharmonics and we can acce le ra te  p a r t f c l e s  
wfth very Pow e l e c t r i c  f i e l d  frequency. However, t h e  width of 
the uristehle region repfdly  decreases a s  p increases.  
The motfon i n  a x i a l  d i r ec t i on  i s  described by 
and can be made stable with su i t ab l e  parameters. 
B )  The "surf-Board" acce le ra to r  
We choose f o r  the  guide f i e l d  an FF(AG) which has l i n e a r  
energy cumpa@tfon. A simple example i s  the type f o r  which the  
magnetfc f f e f d  f s  gfven by 
The equatfon of motfon of a n  ion i n  the  medfan plane 1 s  
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u s ing  r2 6 = r A e +  C 
where 
c = r, we - r, Aeo 
If the p a r t i c l e  s t a r t s  frorn the  c e n t e r ,  C = 0 and ( 8 )  becomea 
We apply  a r a d f a l  e l e c t r i c  f i e l d  gfven  by 
and (9) becomea 
P u t t f n g  - - a t  = u , we g e t  
ro 
(12 )  i s  t he  same equa t fon  a s  t h e  one f o r  phase o s c i l l a t i o n s  i n  t h e  
synchrotron.  We c a n  pu t  u  = u o t  x, where uo  f  s t h e  equf l fbr fum 
p o s i t f o n  r e l a t i v e  t o  t h e  e l e c t r i c  f f e P d  and f s  g iven  by 
with the conditfon 
The equation f o r  x i s  
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and x  o s c i l l a t e s  around the  s t a b l e  phase uo, if  cos uo < 0. 
Since r f s  given by r e ro ( u t  a t )  and u  o s c i l l a t e s  around uo, 
r increases  with time s t ab ly  and the p a r t i c l e s  can be accelerated. 
The important proper ty  i s  t h a t  the condi t ion  of t h i s  accelera t fon 
does not depend on the  r a d i a l  ve loc i t y  a  of the e l e c t r i c  f i e l d ,  
e I f  the p a r t i c l e  s t a r t s  from r .: a,, where T ( ~ k ) p = r o  - - m G  o 
the r i g h t  hand side o f  equat ion (8 )  is  zero a t  r = ro and 
increases  t o  - 2 e H b ) '  -- p L C  a t  r = SO with parameters 
s a t i s fy fng  the  condit ion (13) ,  the equil ibr ium phase uo slowly 
changes with rad ius  and the  p a r t i c l e  can follow t h i s  slow change. 
The t o t a l  energy ga in  i s  given by 
The a x i a l  o s c i l l a t i o n s  might be made s tab le  with s p i r a l  r idges.  
The above example 1s impract ica l ,  of course,  because of the necessf ty 
f o r  tremendous e l e c t r i c  f i e l d s  t o  keep the  magnet s i z e  reasonable. 
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A type having the  energy compaction i n  the a x i a l  d i r ec t i on  looks 
l e s s  impract ical .  The focussing may be kept  by FFAG focussing a s  
i n  an e l ec t ron  FFAG cyclotron and t h e  p a r t i c l e s  a r e  pushed i n  the  
a x i a l  d i r ec t i on  by an e l e c t r i c  f i e l d  6 = E ,  d (e - qt) . The 
length of t h e  acce le ra to r  i n  the a x i a l  d i r e c t i o n  i s  the same as  
the corresponding l f n e a r  accelera tor .  R u t  there  i s  no necess i ty  
f o r  synchronism andthe p a r t i c l e s  can be pushed with a r b i t r a r y  
ve locf ty  a. 
